Abstract. In contrast to the commercial treatment parameters currently used for the production of tomato sauces in the processing plant, this study offers new temperature and time combinations for heating, holding and cooling of products. The aim of the current study was to model the effect of time-temperature conditions for the pasteurisation/sterilisation process on the quality of different tomato sauces. Four pasteurisation and sterilization tests (20-3-21/95, 20-10-20/95, 20-5-20/110 and 20-5-24/110 (min·ºC -1 )) were carried out at 95 and 110 ºC to obtain the kinetic constants of the simulated process. By measuring the product temperature in the time interval 1 min through inserting the loggers into the glass jars during thermal treatment, the achieved F-value was analysed. The temperature of the product was measured starting from the heating process till the end of cooling. F 85 = 5 min with z = 8.9 were used for the study as reference value. pH, water activity, total plate count and colony forming units of sulfite-reducing clostridia were determined according to standard methods. Experimentally chosen thermal treatment parameters showed that the reference F-value can be achieved by using 20-10-20/95 (min·ºC -1 ) and 20-5-20/110 or 20-5-24/110 (min·ºC -1 ) time-temperature combinations. The newly established time-temperature combinations could be used for tomato sauces production and achieve products safety and shelf-life criteria.
Introduction
Tomato sauces are widely consumed products, and consumer's acceptance of tomato sauces is highly correlated to their quality characteristics, such as colour, flavour and texture. Sensory attributes and nutritional value of tomato sauces are dependent on the products ingredients and thermal treatment parameters.
Effects of thermal treatment on the quality of tomato sauces have been widely studied, but till nowadays producers of commercial products search the appropriate time-temperature conditions for tomato products quality assurance with the aim to reduce the production costs on energy resources. The designing of thermal treatment parameters for tomato sauces production is one of the most important engineering tools to provide safety and nutrition value of often consumed goods. The recommended pasteurisation temperature of tomato products with pH 3.7-4.2 ranges from 85 till 100 ºC within the temperature in the core of the product around of 75-80 ºC [1;2] . Sometimes different kinetic factors (F-value, z-value) are applied depending on whether the process core temperature is above or below the reference temperature. Product pH is also effective to allow the softening of the thermal treatment pattern. The required F-values for thermal treatment of ketchup and tomato products are summarised in Table 1 . The microflora of tomato products is changeable. In pasteurised acid products (pH < 4.5), Alicyclobacillus acidoterrestris produces spoilage of aroma and taste in shelf stable products, if these products are stored at relatively high temperature [7] . Sufficient destruction of Alicyclobacillus acidoterrestris in acid products requires the pasteurisation temperature of 95 ºC. Within pH range 3.8 to 4.5, heat resistant Bacillus coagulans var. thermoacidurans may grow, in addition at product pH > 3.8 butyric anaerobes may grow, too [7] . The reduction of microorganisms' growth by different techniques or product's ingredients/additives helps provide the stable product. Therefore, the selection of appropriate time-temperature conditions provides safety of tomato sauces, as well as allows to promote higher nutritional value of products.
The aim of the current study was to model the effect of time-temperature conditions for the pasteurisation/sterilisation process on the quality of different tomato sauces.
Materials and methods
The characteristic of the study object Tomato sauce samples were produced from tomato puree with addition of seasonings on a commercial scale. The main ingredients and quality parameters of the commercial samples used in the study are summarized in Table 2 . The thermal parameters for the commercial tomato products (control samples) used on the commercial scale are 40 min for heating, 20 min for holding at 110 ºC and 30 min for cooling (40-20-30/110). The quality indices of the control samples are summarized in Table 3 . 
The designing of thermal treatment and storage conditions
The pasteurisation and sterilisation tests were carried out to obtain safe food product with the producer's set quality and sensory indices. Four pasteurisation and sterilization tests were carried out at 95 and 110 ºC to obtain the kinetic constants of the simulated process. The tested thermal treatment parameters are shown in Table 4 .
Immediately after thermal treatment, the processed products were cooled down rapidly till the core product temperature was 66 ºC or below.
The experimental samples were kept at 30 ºC for 2 months. The chosen temperature corresponds to accelerated shelf life studies. This process is performed using the Q 10 value. The Q 10 value of a product is the temperature quotient for a 10 ºC temperature difference [8;9] , as expressed in the equation below: Accelerated shelf life = T (ºC) + 10 ºC, where T -ambient temperature for tomato sauces storage (20 ± 2 ºC), ºC.
If the product shows stability during the storage time, then the expected shelf life multiples with 2. Calculation of F-value for experimental tomato sauces F-value is an equivalent exposure time to moist-heat conditions related to a specific temperature T and to a specific value of z [10] . F-value refers to the amount of heat treatment received in the critical thermal point (the cold point), where heating is the slowest. For solid canned foods it is the centre of the can/glass jar. By measuring the product temperature in the time interval 1 min through inserting the loggers into the glass jars during thermal treatment, the achieved F-value was determined. F 85 = 5 min with z = 8.9 were used as reference value in the study. The temperature was measured starting from the heating process till the end of cooling. F-value was calculated as follows [11] 
Methods of analysis
The samples were tested according to the scheme given in Figure 1 . Descriptive statistics were carried out to determine the differences of pH, a w and total plate count in the analysed samples during accelerated shelf life storage.
Results and discussion
Kinetic models can be developed to predict important parameters for tomato sauces production optimization, monitoring, process verification and control. These are experimentally validated. The reference value ( 9 . 8 85 F = 5 min) does not mean that this is the optimal thermal treatment temperature. For any other relevant temperature, the F-value should be determined. The calculated F-values for thermally treated tomato products in glass jars are summarized in Table 5 . The same amount of heat treatment can be achieved when using lower temperature/longer heat treatment time or hot product treatment prior pasteurisation/sterilisation. The F-values, which were obtained during the same time-temperature combination (20-3-20/95), showed that the temperature of product prior treatment in the jars plays an important role. If sugar or starch is added to the product, a time-temperature combination for higher pH should be used (see Table 1 ). Based on the results, the samples with the F-value above 5 were used for further study.
Analysis of sulfite-reducing clostridia in the experimental samples established that the concentration of the previously mentioned representatives was below the detection limit < 10 CFU·g -1 [12] . Microbial inactivation level depends on the temperature and holding time combination, as well as the factors related to the food product, such as water activity or pH.
The pH of products is also a key factor, it works in synergy with the treatment process. A more effective microbial inactivation by pasteurisation/sterilisation is reached at a lower pH or a w (see The data in Figure 2 showed that the pH and a w of the analysed experimental TS E samples were lower using the time-temperature combination 20-10-20/95. In contrast, the treatment of the samples at 110ºC temperature resulted in a lower total plate count. Significant variations (p < 0.05) were found in the pH (p = 0.001; p = 0.003) and total plate count (p = 0.006; p = 0.003) of the samples treated at the tested time-temperature conditions during accelerated storage time.
The data in Figure 3 showed that the pH and total plate count of the experimental TS c samples were lower at time-temperature combination 20-10-20/95. The lowest total plate count resulted from the longer exposing time at the selected temperature, which might cause a higher microorganism inactivation level with less variations for the survived microorganism growth during accelerated storage time. In contrast, treatment of the samples at 80 ºC temperature in the core of the product (20-3-21/95) resulted in the highest total plate count. Significant variations (p < 0.05) were found in the pH (p = 0.0005; p = 0.0008; p = 0.0002) and a w (p = 0.016; p = 0.010; p = 0.016) of the samples treated at the tested time-temperature conditions during accelerated storage time. a) b)
after treatment after 1 months after 2 months c) Fig. 4 . Changes of pH, a w and total plate count in experimental TS s samples during storage
The data in Figure 4 showed that the total plate count of the experimental TS s samples was lower at the time-temperature combination 20-10-20/95, which is the result of longer exposure time at selected temperature. Significant variations (p < 0.05) were found in the pH (p = 0.003) and total plate count of the samples (p = 0.010; p = 0.007) treated at the tested time-temperature conditions during accelerated storage time.
The designed time-temperature conditions of the experimental samples showed that it is feasible to produce commercial tomato products at the tested time-temperature combinations (20-5-20/110 or 20-5-24/110 and 20-10-20/95), aiming to ensure safety and higher nutritional attributes.
Accelerated storage time study indicated that chemical reactions occur if the temperature is raised by 10 ºC (Q10). Experimental samples were stable for 2 months of the study at 30 ºC and their stability at 20 ºC will be at least 4 months. The product composition, as well as the ingredients used for tomato sauces production influence the product stability during shelf life and the chosen timetemperature condition 20-10-20/95 is appropriate for TS E and TS c , and 20-5-20/110 for TS s samples. 
